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AB Taking advantage of the local nature of spectral data in both the time and frequency 
domains, two novel chemometric algorithms using the wavelet transform, namely dual- 
domain partial least squares (DDPLS) and dual-domain principal component regression 
(DDPCR), are reported here. The proposed algorithms establish parallel, regular models 
to describe spectral variation in the time (wavelength) domain. They incorporate these 
parallel models as a way of emphasizing local features in the frequency domain. 
Compared with regular PLS or PCR regression models applied to a single domain, these 
algorithms generate more parsimonious regression models that are also more robust 
against unexpected variations in the prediction set. Simulation data have been used in 
this paper to demonstrate this improvement. The new methods have also been 
successfully applied to NIR spectral data sets to predict moisture, oil, protein and starch 
content in Cargill corn samples, as well as a set of properties in a series of Amoco 
hydrocarbon samples. Through their special emphasis on the local nature of spectral 
signals in the frequency domain, spectral variance can be sep. explained over the 
frequency and time domains with fewer latent variables and with better predictive 
performance. 
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AB Near IR reflectance spectroscopy (MRS) was used to predict the chem. constituents, 
digestibility and energy value of 164 exptl. compd. feeds for rabbits using harmonized 
methods in 6 European institutes. MRS equations were developed by partial least square 
regression (PLSR) using two-thirds of the samples as a calibration set and the remaining 
samples as a validation set. Prediction was satisfactory for the following characteristics: 
dry matter (coeff. of detn. in validation, Rv2=0.70; std. error of prediction, SEP=4.8 g kg- 
1), crude protein (Rv2=0.86; SEP=5.6 g kg-1 DM), ether ext. (Rv2=0.93; SEP=4.2 g kg-1 
DM), ADF (Rv2=0.82; SEP=14 g kg-1 DM), starch (Rv2=0.90; SEP=16 g kg-1 DM), 
DM digestibility (Rv2=0.79; SEP=0.019), gross energy digestibility (Rv2=0.81; 
SEP=0.019) and digestible energy (Rv2=0.77; SEP=0.39 MJ kg-1 DM). MRS prediction 
was less accurate for crude fiber (Rv2=0.60; SEP=16 g kg-1 DM), NDF (Rv2=0.50; 
SEP=32 g kg-1 DM), gross energy (Rv2=0.57; SEP=0.25 MJ kg-1 DM), while poor 
results were obtained for org. matter (Rv2=0.25; SEP=8.6 g kg-1 DM), ADL (Rv2=0.59; 
SEP=1 1 g kg-1 DM) and crude protein digestibility (Rv2=0.44; SEP=0.026). The 
prediction of the inclusion rate of the main ingredients provided approx. indications on 
the feed formula. In particular, the prediction was good for the inclusion level of added 
fat (Rv2=0.87), moderate for alfalfa meal (0.73), dried beet pulp (0.69), sunflower meal 
(0.68), wheat bran (0.66) and whole soya bean (0.63), but was poor (Rv2<0.50) for grains 
(barley, wheat) and wheat straw. Grouping similar ingredients (starch cones., protein 
cones., wheat byproducts) slightly improved the prediction of the inclusion rate. 
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LANGUAGE: English 

AB NIR spectroscopy was used successfully in our lab. to monitor oxidn. levels in 
vegetable oils. Calibration models were developed to measure PV in both soy and corn 
oils, using partial least squares (PLS) regression and forward stepwise multiple linear 
regression, from MR transmission spectra. PV can be measured successfully in both 
corn and soy oils using a single calibration. The most successful calibration was based 
on PLS regression of first deriv. spectra. When this calibration was applied to validation 
sample sets contg. equal nos. of corn and soy oil samples, with PV ranging from 0 to 20 
meq/kg, a correlation coefF. of 0.99 between titrn. and NIR values was obtained, with a 
std. error of prediction equal to 0.72 meq/kg. For both types of oil, changes occurred in 
the 2068 nm region of the NIR spectra as oxidn. levels increased. These changes appear 
to be assocd. with the formation of hydroperoxides during oxidn. of the oils. 
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AB Further NIRS calibrations were developed for the accurate and fast prediction of the 
total contents of methionine, cystine, lysine, threonine, tryptophan, and other essential 
amino acids, protein, and moisture in the most important cereals and brans or middlings 
for animal feed prodn. More than 1 100 samples of global origin collected over five years 
were analyzed for amino acids following the Official Methods of the United States and 
European Union. Detailed data and graphics are given to characterize the obtained 
calibration equations. MRS was validated with 98 independent samples for wheat and 78 
samples for corn and compared to amino acid predictions using linear crude protein 
regression equations. With a few exceptions, validation showed that 70-98% of the amino 
acid variance in the samples could be explained using NIRS. Esp. for lysine and 
methionine, the most limiting amino acids for farm animals, NIRS can predict contents in 
cereals much better than crude protein regressions. Through low cost and high speed of 
anal. NIRS enables the amino acid anal, of many samples in order to improve the 
accuracy of feed formulation and obtain better quality and lower prodn. costs. 
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AB The degree of gelatinization of starch is calcd. by dividing the amt. of gelatinized 
starch by the amt. of total starch. The gelatinized starch is the amt. of glucose produced 
by the action of amyloglucosidase on the starch. The total starch is the amt. of glucose 
produced by the combined action of amylase and amyloglucosidase on the starch. 
Results of enzymic digestion calcn. for starch samples from corn flours, extruded flours, 
oat flours, rice semolina, tapioca, and wheat bran were compared to NIR spectroscopic 
measurements of the flour samples. Results indicated that a good correlation was 
obtained between the degree of gelatinization detd. by the enzymic method and NIR with 
a coeff of detn. (R2) of 0.988 and a std. error of calibration (SEC) of 
2.27. 
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AB Dried finely chopped samples (n=96) were scanned at 2nm intervals over the 
wavelength range 400-2500nm and the optical data recorded as log l/Reflectance(log 
1/R). Modified partial least squares(MPLS) regression was applied to scatter-cor. spectra 
(SNV and detrend). Calibration models for near-IR reflectance spectroscopy (NIRS) 
measurements gave multivariate correlation coeffs. of detn. (R2) and std. errors of 
calibration (SEC) of 0.84(SEC 0.28), 0.94(SEC 1.74), 0.91(SEC 0.74) and 0.95(SEC 
0.14) for content of dry matter(DM), neutral detergent fiber (NDF), acid detergent fiber 
(ADF) and crude protein (CP) on a dry basis resp. The std. error of prediction (SEP) on 
the validation set (n=36) was used in comparisons of prediction accuracy. The SEP value 



was 0.33(DM), 1.79(NDF), 0.7(ADF) and 0.1%(CP), resp. The relative ability of NIRS 
to predict chem. compn. was very good for CP, NDF and ADF, and low for DM. This 
research should be useful in the rapid anal, of forage quality for research and the industry. 
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AB Near-IR spectroscopy (NIRS) network calibrations were established for the detn. of 
the quality of grass and corn silages of any origin with high precision. Calibrations were 
established for the markers dry matter, raw protein, raw fiber, raw fat, ADF, and NDF as 
well as reducing sugars and gas formation for grass silage and raw starch and eulos for 
corn silages. A good precision was confirmed in ring examns. and validations. 
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AB In this paper multivariate calibration was used in conjunction with NCR-Fourier 
transform Raman spectroscopy for detn. of the total degree of unsatn. in vegetable oils. 
For this purpose, different vegetable oils and some mixts. were employed as calibration 
stds. A calibration model based on partial least squares (PLS) was constructed and used 
to analyze oils with iodine values ranging from 17 to 130. This methodol. is rapid, 
simple and can be easily used in quality control labs, or to monitor industrial process on 
line. 
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AB Near-IR (NIR) spectroscopy has been used successfully in our lab. to monitor 
oxidn. levels in vegetable oils. Models have been developed to measure peroxide values 
in both soy and corn oil, using Partial Least Squares (PLS) regression and Multiple 
Linear Regression (MLR), from NIR transmission spectra. Peroxide values can be 
successfully measured in both corn and soy oil using a single model. The most 
successful model was based on PLS regression of first deriv. spectra. When this model 
was applied to validation sample sets contg. equal nos. of corn and soy oil samples, with 
peroxide values ranging from 0-20 meq/kg, a correlation coeff. of 0.99 between titrn. and 
NIR values was obtained, with a std. error of prediction (SEP) equal to 0.72 meq/kg. For 
both types of oil, changes occurred in the 2068 nm region of the NIR spectra as oxidn. 
levels increased. These changes appear to be assocd. with the formation of 
hydroperoxides during oxidn. of the oils. 
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AB Simultaneous detn. of constituents (e.g. dietary fiber, protein, fat) by near IR (NIR) 
spectroscopy would increase the speed and efficiency of nutrient anal, while substantially 
reducing the cost. Previous work has described the development of NIR reflectance 
models for the prediction of dietary fiber in a diverse group of cereal food products. 
While NIR spectroscopy has been used to measure protein content in cereal samples 
comprised of a single grain type, the utility of the NIR technique would be greatly 
improved if it could be expanded to cereal products derived from a diverse cross-section 
of grains and formulations. The present study was conducted to investigate the potential 



of NIR spectroscopy for the anal of protein in a data set that included products with 
numerous grains, such as wheat, oats, rice, rye, corn, millet, buckwheat and with a wide 
range of fat, sugar and fiber contents. In addn., numerous processing techniques and food 
additives were represented in the data set. Nitrogen content of dry-milled cereal products 
was measured by combustion anal. (AO AC Method 992.23) and the range in nitrogen 
values was from 0.65 to 3.31% of dry wt. Milled cereal products were scanned from 1 100 
to 2500 nm with a scanning monochromator. A nitrogen calibration was developed, 
using a com. anal, program, with modified partial least squares as the regression method. 
The std. error of cross validation and R2 for nitrogen (n=147 calibration samples) were 
0.090% and 0.973, resp. Independent validation samples (n=72) were predicted with a 
std. error of performance of 0.079% nitrogen and r2 of 0.984. Because of the diversity of 
grains in the data set, crude protein was calcd. using two nitrogen-to-protein conversion 
methods and two PLS models were developed for the prediction of crude protein. Crude 
protein was predicted with a similar precision to nitrogen and the results for both protein 
models are within the precision required for US nutrition labeling legislation. In 
conclusion, NIR reflectance spectroscopy can be used for rapid and accurate prediction of 
nitrogen and crude protein in a heterogeneous group of cereal products comprised of a 
wide cross-section of grains and formulations. 
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AB Near IR spectroscopy (NIR) was used to identify corn starch in pharmaceutical raw 
materials and products. A NCR spectral library (1 100-2500 nm) was created and used as 
a ref. for the anal, of raw drug materials. The library were obtained using data from 5 
different corn starch batches that were first analyzed by official methods. Later 17 new 
corn starch spectra were added to the original library to improve the data variability. 
Two spectral parameters used during the library calibration were distance and correlation 
processed by the software NSAS module IQ2. NIR spectroscopy method is fast, cost- 
efficient, and suitable for quality control systems. 
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AB Near-IR (NIR) spectroscopy was applied to the nondestructive and rapid detn. of 
ash content in Cornu Cervi Parvum, a dried horn of Cervus nippon or Cervus elaphus, 
which serves as a natural drug for general health care in Asian countries. Cervine horns 
are dried for use as a drug and are classified according to their age as either Cornu Cervi 
Parvum (new horn) or Cervi Cornu (old horn). Ash content is generally used to det. the 
quality of cervine horns. A traditional method to det. ash content is an ignition method 
that measures ash residue after incineration. However, >4 h is required for incineration 
and the destruction of org. compds. NIR spectroscopy was studied as an alternative anal, 
method to decrease anal, time and increase lab. efficiency. Using partial least-squares 
regression, relevant information related to ash in the NIR region was successfully extd. 
NIR prediction results showed good correlation with those from the ignition method. The 
overall results showed the feasibility of NIR spectroscopy for the detn. of ash content in 
Cornu Cervi Parvum. (c) 1999 Academic Press. 
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AB This work is on researching method of determing contents of oil in an integrated 
kernel of corn using FT-NIR diffuse reflectance spectroscopy. Result shows that method 
is better for determing contents oil and correlation coeff. is 0.93 and relative error is near 
10%. It suggests that method can be used in qual. breeding program. 
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AB The near-IR (NIR) spectral properties of cereal products contg. high fat or high 
sugar can differ substantially from the spectral properties of other cereal products. An 
existing NIR model, using preprocessed reflectance spectra and partial least-squares 
anal., for the prediction of total dietary fiber in cereal products was expanded to two new 
models called (1) the "fat-expanded" model and (2) the "fat- and sugar-expanded" model. 
The fat-expanded model enlarges the existing model with high-fat-content products as 
calibration samples, and the "fat- and sugar- expanded" model also includes products 
with high sugar and high cryst. sugar content. The dry milled cereal and grain products 
were analyzed in the lab. according to AO AC method 991.43 for the detn. of total dietary 
fiber, and NIR reflectance spectra were collected with a scanning monochromator. Data 
anal, and selection of representative high-fat and high-sugar samples were performed 
with a com. anal, program. The two expanded models had std. errors of cross-validation 
and R2 similar to those of the existing model, with acceptable std. error of performance 
and r2 when tested with independent validation samples. The existing model was, thus, 
expanded to include high-fat, high-sugar, and high cryst. sugar cereal products while 
maintaining prediction accuracy. 
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AB Partial least-squares regression (PLSR) was used to generate three Raman and three 
near-IR reflectance (NIRR) models for the spectroscopic detn. of total dietary fiber 
(TDF) of a wide variety of cereal foods. To allow comparison of the spectral techniques, 
both analyses used the same sets of samples (ncal = 63, nval = 63). Six models were 



optimized by full leave-one-out cross-validation (CV), including a smoothed, a first-, and 
a second-deriv. model for each spectral technique. Both kinds of raw spectral data 
required correction of interfering baseline and amplitude variations. Deriv. preprocessing 
generally reduced the no. of latent variables (LVs) for both spectral types and 
significantly reduced the CV error of the Raman models. The deriv. treatments enhanced 
the influence of select vibrational-bandwidth-sized features in the Raman data (64-84 cm- 
1). The Savitzky-Golay deriv. calcn. method was better for the NIRR data, while the 
gap-difference method was better for the Raman data, which had a higher level of 
baseline noise. Raman models required 6 to 9 latent variables while NIRR models 
required 10 to 14 LVs. The root-mean-squared CV model errors were 2-2.3% TDF for 
all six models, and the three Raman models had root-mean-squared prediction errors 
(RMSEPs) in the range 2.8-3.2% TDF, with the best model being generated from second- 
deriv. data. First-deriv. data provided the best NIRR model, and for all three NIRR 
models the RMSEP spanned 2.4-2.9%. For some types of samples, it is suggested that 
the Raman method is limited by its sampling technique and could be improved with more 
densely packed, larger-area specimens. The regression vectors of the Raman models 
seem more easily interpretable than NIRR models. Either spectral method appears 
capable of achieving an acceptable level of error; TDF ref. method precision was 0.68% 
TDF, while the product label information had an error of 2.8% TDF relative to the ref. 
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AB An investigation into the existence of spectral differences and 
differences in response in terms of water and lipid content between normal and atopic 
skin is described. Since NIR radiation penetrates complex structured matrixes down to a 
depth of 0. 15-0.20 mm, it is evident that the method lends itself to spectral detection of 
skin components down to the deepest level. First the reproducibility of readings made 
with the instrument was tested and it was also checked whether the use of the probe 
caused changes in skin equil. due to occlusion. Anal, of the NIR spectra did not enable 
normal and atopic subjects to be distinguished unequivocally but provided important 
information on the use of NIR spectrometry in these subjects and insights into the stratum 
corneum. Although the responses of water and lipid structures could not be read directly 
from the spectra, it was possible to decomp. the global spectral information into 




components by principal components anal. It was possible to observe a fraction of 
variance assocd. in different ways with water. 
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AB The development of genetically modified starches has relied on the use of maize 
(Zea mays L.) endosperm mutant alleles that alter starch structural and phys. properties. 
A rapid method for predicting amylose content would benefit breeders and com. handlers 
of specialty starch corn. For this reason, a study was conducted to investigate the use of 
near-IR transmittance spectroscopy (NITS) as a rapid and nondestructive technique for 
predicting grain amylose content (BAC) in maize. Many single- and double-mutant 
inbreds and hybrids were used to create a calibration set for the development of a 
predictive model using partial least squares anal. A validation set composed of similar 
genetic material was used to test the prediction model. A coeff. of correlation (r) of 0.94 
was obsd. between GAC values detd. colorimetrically and those predicted by NITS; 
however, the predicted values were assocd. with a large std. error of prediction (SEP = 
3.5). Overall, NITS discriminated well among high amylose and waxy genotypes. The 
NITS calibration was used to det. levels of contamination by normal kernels in waxy and 
high-amylose (Amy VII) grain samples intended for wet milling. In both cases, a 5% 
contaminated sample could be detected from pure samples according to predicted NITS 
values. 
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AB Near-IR spectroscopy (NIR) anal, of soybean meal and the soybean meal mixed 
with some maize powder showed that the actual starch content in the soybean meal mixt. 
was correlated to the absorption bands at 2060, 2090 and 2166 nm. A linear regression 
equation was obtained by the regression anal, and the maize powder content of the 
soybean meal mixt. was calcd. by starch content in maize powder. A set of samples of 
soybean and maize powder mixts. was tested to det. the maize powder content, and the 
result showed the regression coeff was 0.99. 
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AB The potential for near-IR (NIR) reflectance spectroscopy to predict corn dry-milling 
quality has been investigated. NIR spectra were obtained from samples of whole-kernel 
yellow dent corn. Dry-milling quality of the samples was evaluated with a Tangential 
Abrasive Dehulling Device (TADD), and by a short-flow lab. milling procedure that 
allowed calcn. of milling evaluation factor (MEF). Calibrations relating TADD index 
and MEF to NIR measurements were developed and tested with validation sample sets. 
The results indicate that NIR spectroscopy can predict dry-milling characteristics with a 
reliability suitable for at least rough screening. For MEF, the best calibration yielded a 
correlation coeff. of 0.90 and a std. error of prediction (SEP) of 1.55%. SEP values for 
TADD index were somewhat higher. Derivatization of the NIR spectra lowered the SEP 
values compared to the use of underivatized log 1/R measurements. 
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AB Near-IR reflectance (NIR) spectroscopy was used to predict the wet-milling starch 
yield obtainable from yellow dent corn. Spectral differences between samples with high 
and low starch yields were obsd. in two wavelength regions, 2,265-2,325 and 1,050-1,125 



nm. The higher-wavelength region corresponds to known carbohydrate absorption 
bands; however, the origin of the shorter-wavelength differences is less clear. Different 
combinations of sample handling and spectral treatments were also evaluated, and the 
most successful instrument calibration used a multiterm linear equation of second-deriv. 
reflectance terms obtained from whole-kernel corn. Multiple correlation coeffs. for the 
various calibrations ranged from 0.8 to 0.9, with reproducibility of the lab. wet-milling 
procedure being a limiting factor. Application of the optimized calibration to a validation 
set contg. samples from two crop years gave a bias-cor. std. error of prediction equal to 
1 .41%, a result equal to or better than the std. error of the ref. method. 
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AB A new quick test for soil N availability for corn using a near-IR spectrophotometer 
(NIRS) was compared with three published quick tests for predicting soil N-supplying 
capability (NSC) and relative corn grain yield. The other tests were the pre-sidedress 
nitrate test (PSNT), nitrate concn. (at-plant N03), and absorbance at 200 nm of a 0.01 M 
NaHC03 ext. (UV-200 test) of 0- to 20-cm soil samples taken at planting. Soil samples 
taken at planting from 95 field expts. in Pennsylvania were analyzed at reflectance 
wavelengths from 400 nm to 2500 nm with NIRS. The coeffs. of detn. were the same 
(R2 = 0.49) for both linear and quadratic regressions of NSC and NIRS test values. The 
abilities of the four tests to predict NSC and relative corn grain yield were compared 
using data from 90 of the 95 expts. The R2 values for linear and quadratic regressions 
between soil test values and NSC ranged from 0.49 to 0.58 for the NIRS, PSNT, and UV- 
200 tests; for the at-plant N03 test, R2 was lower (.apprxeq.0.40). Eliminating sites 
where corn directly followed a legume, R2 values for quadratic regressions between test 
values and NSC increased to .apprxeq.0.60 for the MRS, PSNT, and UV-200 tests. The 
PSNT test was slightly better than the other tests in predicting a grain yield response to N 
fertilizer, but this advantage lessened when first-year-after-legume sites were eliminated. 
No test could accurately predict relative grain yield or NSC in fields responding to N 
fertilizer (R2 = 0.08-0.36). The NIRS test offers a convenient, rapid, and inexpensive 
alternative to the PSNT for predicting whether humid-region corn fields will respond to 
N fertilizer. 
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AB Corn samples were analyzed by near-IR spectrometry (NIRS) using a 2-part 
autosampler with an NIRSystems 6250 at ltoreq.90 samples/h. Prediction of moisture, 
crude protein, and digestible org. matter was sufficiently accurate, whereas prediction of 
crude ash was poor in samples with high ash content. NIRS also could predict 
constituents needed for calcg. the feeding value of grass silages. 
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AB Near-IR reflectance (NIR) spectroscopy was used to det. fiber, starch [9005-25-8], 
and total carbohydrate in potato chips, corn chips, extruded snacks, popcorn, crackers, 
and pretzels. NIR predictions of fiber and starch were related to chem. anal, values as 
detd. by AACC method 32-20, Insol. Dietary Fiber, and a GLC method for starch. The 
sum of fiber and starch values is an est. of total carbohydrate in the types of foods in this 
study. The correlations of the NIR predictions to fiber, starch, and total carbohydrate, 
resp., were: 0.833 with std. error of 1.4% fiber, 0.946 with std. error of 3.5% starch, and 
0.949 with std. error of 3.3% total carbohydrate. 
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AB Near-IR reflectance spectroscopy anal, of forages for crude protein (CP), acid- 
detergent (ADF), and neutral-detergent (NDF) fiber and minerals was compared with wet 
chem. results. IR anal, was conducted with a NEO-Tech 51 A where spectral equations 
had been transferred by the vendor from master calibrations. These calibrations were 
based upon microwave drying of feed samples and grinding through a cyclone mill. 
Forage was routinely tested by oven drying at 60. degree, and grinding with a Wiley mill 
through a 2-mm screen. Protein and ADF analyses were conducted on 66 corn silage, 
hay crop silage, and hay samples. Coeffs. of detn. for oven drying-wet chem. and 
microwave-IR, oven drying-wet chem. and oven drying-IR, and microwave-IR and oven 
drying-IR anal, were: 0.90, 0.93, and 0.98 for crude protein and 0.92, 0.94, and 0.96 for 
ADF. IR results were compared with wet chem. CP and ADF for 265 corn silage, hay, 
and hay crop silage samples. Coeffs. of detn. were 0.97 for CP and 0.94 for ADF with 
std. errors of prediction of 0.921 and 1.98. The resp. correlation coeffs. for corn silage, 
hay crop silage, and hay were 0.94 and 0.73; 0.95 and 0.92; and 0.73 and 0.74. Although 
std. errors of prediction were low for all minerals, coeffs. of detn. were above 0.80 for Ca 
and K. 



